O ptic pathway/hypothalamic gliomas (OPHGs) are a relatively rare tumor type. They represent 2%-7% of all pediatric intracranial tumors, with 65% of these lesions presenting in children younger than 5 years of age. 2, 17, 21, 26, 31, 38 Tumor presentation is often due Object. Optic pathway/hypothalamic gliomas (OPHGs) are generally benign tumors situated in an exquisitely sensitive brain region. The location and natural history of OPHGs has led to much debate about optimal treatment. This paper revisits the role of and optimal timing of debulking surgery in OPHG.
to pressure on or compression of the optic pathways and diencephalon. Some patients may also present with hydrocephalus from tumor blocking CSF pathways. 2, 26 These tumors are nearly always histologically lowgrade tumors. The majority are pilocytic astrocyto mas (WHO Grade I), although a proportion will be pilomyxoid astrocytomas and rarely WHO Grade II neoplasms. 6, 8, 12, 17, 23, 25, 35 A significant proportion (10%-70%) occur in patients with neurofibromatosis Type 1 (NF1). 7, 14, 17, 18, 23, 26, 29, 31, 41 Up to half of OPHGs are reported to remain stable and not require intervention; hence an initial watch-andwait policy is often employed. This is particularly the case if there is no imminent threat to vital functions and also in patients with NF1. Much of the published literature currently focuses on the management of these tumors with observation, chemotherapy, or radiotherapy, whereas there is a paucity of literature on neurosurgery for these tumors and a lack of consensus regarding its place in multimodal therapy. 2, 21, 29, 47 Historically, there has been a reluctance to support the role of surgery for OPHGs, largely due to their histologically benign nature, their central location, and their relationship to the visual pathway.
A recently published paper reports the results of a multidisciplinary consensus conference that addressed the surgical treatment of these lesions. The authors write: "It was agreed that primary attempted surgical resection of HCLGG [hypothalamic chiasmatic low-grade glioma] is not the current recommended standard of care. However, it was also acknowledged that selected cases were amenable to attempted resection or debulking with low risk." 46 In the present paper, we seek to add to the discussion about the role of surgery both in terms of early intervention in some selected cases and as therapy in other progressive cases. Within this series, the major surgical interventions were performed by a single surgeon (C.M.).
Methods
Data were collected retrospectively for periods prior to 2009 and prospectively between 2009 and 2011. Case notes pertaining to patients identified from the neurosurgery and neuro-oncology departmental databases were reviewed in detail.
Data were collected regarding presenting symptoms, visual function, endocrine function, NF1 status, tumor size and location, neuroradiological imaging characteristics, histopathological findings, treatment (surgery, chemotherapy, and radiotherapy), and control/progression rates. Two cohorts were identified: patients with NF1 (NF1 cohort) and those without NF1 (non-NF1 cohort).
Patients were included in this study if they had tumors involving the optic chiasm and/or hypothalamus (Dodge types B and C, modified Dodge types 2, 3, and 4). 43 Pure optic nerve tumors without chiasmatic involvement (Dodge Type A, modified Dodge Type 1) have been excluded from this study, as none of the patients in our institution have required surgery for these.
Seven patients were referred for a second opinion after receiving prior treatment (including chemotherapy, radiotherapy, and/or limited surgery) in their local center.
Treatment strategies included observation and combinations of chemotherapy, surgery (biopsy or debulking), and radiotherapy. Due to the complex nature of OPHGs and their treatment, many of our patients have had a number of defined epochs of treatment. In these situations, symptomatic and/or radiological tumor progression typically led to intervention (surgery or chemotherapy), which then resulted in a further period of tumor stability and therefore observation. This cycle would be repeated as required, with intervention tailored to the patient's requirements on each occasion.
The extent of resection was divided into 4 categories: biopsy, < 50% tumor debulking, 50%-70% tumor de bulking, and > 70% tumor debulking. Due to the eloquent nature of the surrounding structures, we advocated that gross-total resection was not appropriate, as the focus was on preservation of function as well as reduction of tumor bulk.
Care of these children was coordinated through a weekly multidisciplinary neuro-oncology meeting and clinic. Regular ophthalmic assessments were performed with fundoscopy, and visual fields and visual acuity were monitored regularly.
Endocrine status was carefully monitored with further investigation and treatment where indicated. Body mass index (BMI) was calculated by the formula: BMI = (weight in kg)/(height in m) 2 . This was then converted to standard scores derived from the 1990 growth standards. 15 Patients with BMI standard scores greater than 1.33 (91st percentile) were classified as overweight and those with BMI standard scores greater than 2.00 (98th percentile) were classified as obese.
Results

Patient Demographics
Forty-two patients with OPHG were identified as having received treatment at Alder Hey Children's Hospital between 1998 and 2011. Nineteen (45%) of these 42 patients had NF1. For the whole group, the median age at diagnosis was 5 years 7 months (range 13 months to 16 years 8 months, mean 7 years 3 months). When patients with and without NF1 are considered separately, the median age at presentation was 7 years 2 months for the non-NF1 cohort and 4 years 7 months for the NF1 cohort.
The numbers of male and female patients in the overall group were almost equal (20 male, 22 female). However, when the non-NF1 and NF1 cohorts were separated, opposing sex trends were noted-in the non-NF1 cohort 39% of the patients were male, 61% female; in the NF1 cohort, 58% were male, 42% female.
Clinical Presentation
The clinical presentation was varied. Patients with NF1 have been considered as a separate cohort because they generally had a more benign presentation and course.
Overall, 21 patients (50%) presented with visual impairment-65% of those in the non-NF1 cohort and 32% of those in the NF1 cohort. The impairment included impaired color vision, diminished visual acuity, visual field defects, and optic atrophy. Ten patients (24%) had headaches as a result of either tumor mass effect or hydrocephalus-35% of those in the non-NF1 cohort and 11% of those in the NF1 cohort.
Eleven patients overall (26%) had evidence of hypothalamic or pituitary dysfunction; these patients were all in the non-NF1 cohort and represented 48% of this group. Of the non-NF1 cohort, 5 patients (22%) presented with precocious puberty, and 3 patients (13%) had other anterior pituitary dysfunction, 3 patients (13%) had diencephalic syndrome. Additionally, 10 patients were obese at presentation (with BMI standard scores > 2.00).
In 13 patients, OPHG was diagnosed incidentally, as a result of routine MRI screening of patients with NF1; these 13 patients represent 68% of the NF1 cohort. As per accepted guidelines, biopsy was not performed in nonprogressive tumors in patients with NF1 when classical radiological and clinical features were present.
Diagnosis
The diagnosis of OPHG was initially made on the basis of MRI findings in all 42 patients. Twenty-one patients (50%) had debulking surgery, and an additional 2 patients underwent tumor biopsy. The histological diagnosis was pilocytic astrocytoma in 21 of these 23 cases and pilomyxoid astrocytoma in 2 cases. Details of the timing and types of surgery are further discussed in the treatment section below.
Tumor Location
As stated above, pure optic nerve tumors have been excluded from this study. Tumors included had to involve at least the chiasm or hypothalamus (Fig. 1) . A difference in tumor location was noted between the NF1 and non-NF1 cohorts. In patients in the non-NF1 cohort, 22 of 23 tumors involved the hypothalamus (5 had purely hypothalamic tumors), with optic nerve/chiasm involvement in 18 of 23 cases. However, in patients in the NF1 cohort, only 3 of 19 tumors involved the hypothalamus, and there was optic nerve and chiasm involvement in all 19.
Treatment
A tailored approach to management was used in all cases, with full multidisciplinary discussion of each case and with choices between observation, chemotherapy, and surgery as initial options.
Indications for a treatment intervention included raised intracranial pressure (from tumor bulk or hydrocephalus), documented visual deterioration, diencephalic syndrome, and tumor progression on serial imaging.
An initial observation strategy was adopted for 21 patients (16 in the NF1 cohort, 5 in the non-NF1 cohort).
The median duration of follow-up for this study was 77 months from the time of initial diagnosis (range 21.8-142.3 months), excluding a patient who died 6 weeks after an endoscopic biopsy (see below).
Chemotherapy. In total, 13 patients were treated with chemotherapy. Initial chemotherapy was according to the International Society of Paediatric Oncology (SIOP) low-grade glioma (LGG) trial protocols, LGG-1 or LGG-2 (current trial), using a combination of vincristine and carboplatin.
Four patients were treated on initial presentation, with chemotherapy as first-line treatment. Two of these 4 had undergone biopsy prior to treatment, and the findings confirmed the diagnosis of pilocytic astrocytoma in these 2 cases.
Four patients (see surgery Group 2 below) underwent planned initial upfront debulking surgery, followed by chemotherapy as part of their planned treatment. This group was deemed high risk due to their young age (range 1-5 years old), poor visual status, and in 1 case, diencephalic syndrome.
Five patients required chemotherapy following further disease progression at intervals between 2.2 and 35.6 months after surgery. Second-line chemotherapy with vinblastine was successfully used in 2 patients.
Surgery and Surgical Technique. Surgical debulking was conducted in a total of 21 patients (19 in the non-NF1 cohort and 2 in the NF1 cohort)-15 with newly diagnosed tumors and 6 who had previously been treated at other centers. An additional 2 patients only had biopsies performed (1 endoscopic and 1 via craniotomy). Twentytwo debulking operations were performed in total-13 via midline approaches, 8 via pterional approaches, and 1 via a cerebellopontine angle approach.
The main indication for primary surgical debulking was the presence of a large tumor causing raised intracranial pressure and/or hydrocephalus (in 14 cases). Visual deterioration alone (in the absence of hydrocephalus) was not an indication for surgery except in 1 case in which a cystic portion of tumor was compressing the optic nerves. Surgical debulking had a further role as a delayed intervention for tumor progression after failed chemotherapy and/or radiotherapy (in 7 cases).
The extent of tumor debulking achieved was > 70% for 16 procedures (73%), 50%-70% for 3 procedures, and < 50% for 3 procedures.
Patients undergoing resective surgery have been divided into 3 groups (as described in the following para- graphs), according to their treatment plan (Fig. 2) . Selection for early surgery (Groups 1 and 2, surgery before chemotherapy) was made on the following criteria: 1) the presence of progressive clinical symptoms/signs attributable to tumor (with or without hydrocephalus) at presentation and either 2) a large exophytic tumor growing upward in the midline into the third ventricle causing obstruction or imminent obstruction of the foramina of Monro (treated via a transcallosal route) or 3) a large, clearly exophytic lateral or cystic extension causing mass effect or compression of adjacent structures (treated with pterional or endoscopic cyst drainage).
Patients in Group 1 (10 patients, Table 1 ) had planned surgical debulking as their main treatment with no adjuvant therapy planned at that stage. For 7 patients, surgery was performed within 2 months of presentation as their planned first treatment. Three patients underwent surgery after their tumors progressed (at 3.4 months, 54.5 months, and 116.7 months). The patients' median age at the time of surgery was 11.7 years (range 2-15.3 years). In 7 of 10 cases, the patients' condition remained stable following surgery with no other treatment interventions required, with a median follow-up of 66.9 months postoperatively (range 7.3-95.7 months). Progression was seen in 3 cases, at a median interval of 4.3 months postoperatively (range 4-39 months). The progression was treated with chemotherapy (in 1 case), radiotherapy (1 case), and repeat surgery (1 case-transcallosal, 70% debulking). In the patient who had repeat surgery, the tumor progressed again after 16 months and the disease was then stabilized with chemotherapy.
The patients in Group 2 (4 patients, Table 2 ) underwent planned upfront surgical debulking, followed by adjuvant chemotherapy within 3 months as part of their planned treatment strategy. Their median age at the time of surgery was 3.5 years (range 1.2-5.8 years). One patient received additional concurrent radiotherapy. All have remained in stable condition, with a median followup of 44.6 months (range 14-66.3 months).
The patients in Group 3, the salvage treatment group (7 patients, Table 3 ), required debulking surgery for progressive disease, having already undergone a variety of previous treatments, including radiotherapy (1 patient), chemotherapy (4 patients), and chemotherapy plus radiotherapy (2 patients). The median age at initial diagnosis for this group was 7.2 years (1.1-13.1 years). At the time of our surgery, the median age was 11.3 years (5.2-16.3 years). For 6 of these patients, surgery was the final stabilizing event, with a median follow-up of 24.3 months (range 10.3-98.3 months). Five patients in this group had been initially treated in other centers and were then referred to us after their tumors had progressed. Three patients had previously had a biopsy (open or stereotactic). Three patients had undergone a previous very limited debulking operation in their local center. One patient had undergone a previous biopsy and cyst drainage in our center to decompress the optic nerves at initial presentation (Fig. 3 ).
Radiotherapy. Our preference was to keep radiotherapy for progression after failure of other treatments.
Only 5 patients (12%) in this cohort had radiotherapy. In all 5 cases, it was administered as adjuvant therapy, not as primary treatment. Three patients were treated with radiotherapy prior to referral to Alder Hey, following surgi- cal biopsy or very limited debulking. The other 2 patients required radiotherapy for progressive disease 6 months after surgical debulking at Alder Hey (80% debulking in 1 case, < 50% debulking in 1 case).
The median age at treatment was 7 years 7 months (range 5 years 6 months to 13 years 3 months). The median time to radiotherapy treatment from diagnosis was 6 months (range 2 months to 4 years 3 months).
One of the patients treated prior to referral to Alder Hey had suffered severe complications from radiotherapy, developing moyamoya syndrome and requiring cerebral revascularization
Hydrocephalus. During the course of treatment, 11 patients required CSF diversion for hydrocephalus. These patients were treated by insertion of a ventriculoperitoneal (VP) shunt. Of the 11 shunt-treated patients only one has bilateral shunts, with the remainder having a single shunt. Where possible, bilateral shunts were avoided by performing endoscopic septum pellucidotomy (in 1 case) or open septal fenestration at the time of tumor surgery.
Outcome
Functional Follow-Up. In this series, 21 patients (50%) presented with visual symptoms, with many patients already having severely limited vision. The deficits ranged from impairment of color vision to visual field defects to severely impaired visual acuity and almost complete blindness.
During the time of treatment and monitoring, 9 patients (21%) had deterioration in vision, but visual status was maintained at the presentation level in 31 patients (74%). Better visual outcomes were noted for the NF1 cohort; vision remained stable in 84% of patients in the NF1 cohort and 65% of the non-NF1 cohort.
Visual deterioration was not always accompanied by an obvious change in the MRI appearance of the tumor, but did always prompt a reassessment MRI scan and reappraisal of the treatment regimen. Patients with deteriorating vision were treated with chemotherapy as the first option. Debulking surgery was not indicated for or used as a treatment for deteriorating vision.
During treatment and follow-up, the number of patients with endocrinopathy increased from 12 (29%) at presentation to 16 (38%). These patients required a variety of pituitary replacement hormones. Six patients had precocious puberty, although four had presented with this. Two patients required treatment for diabetes insipidus that had developed as a result of treatment. Measurements of height and weight at diagnosis were available for 31 patients, of whom 28 also had measurements from their most recent assessment. In 1 patient these measurements were available at the most recent assessment only. At diagnosis, the median BMI standard score was -1.05 (range -2.22 to 3.96), with 4 patients overweight and 10 obese. At the most recent assessment, the median BMI standard score was -0.36 (range -1.11 to 3.60), with 6 patients overweight and 7 obese. Of the 10 patients who were obese at presentation, 3 remained obese at the most recent assessment, and the BMI standard score fell in 7 (4 overweight and 3 normal). Two patients with a normal BMI standard score at diagnosis gained weight to become obese, and 2 patients in the overweight range gained weight, becoming obese.
The proportion of patients with endocrine disturbance was higher in the non-NF1 cohort than in the NF1 cohort. For the non-NF1 cohort, at presentation, 3 patients (13%) had diencephalic syndrome, and 5 (22%) had precocious puberty. In the NF1 cohort, no patients had diencephalic syndrome or precocious puberty.
Complications of Surgery.
No patients had visual deterioration due to surgery. One patient had a neurological deficit with a transient left hemiparesis that improved with postoperative rehabilitation. Two patients had postoperative infections that necessitated a return to theater. There were 3 cases of permanent diabetes insipidus and 2 cases of transient diabetes insipidus.
One patient suffered an intratumoral hemorrhage following endoscopic biopsy and required treatment with external ventricular drainage, which was then complicated by fungal ventriculitis, which then led to the patient's death.
Apart from the above cases of permanent diabetes insipidus (3 cases), there was no case of new attributable hypothalamic injury or endocrinopathy following surgery. There was no case of diabetes insipidus plus adipsia. No patient developed obesity as a direct consequence of surgery.
Survival. Overall survival in this series was 92.9%. During the whole follow-up period (median 6.4 years, range 1.8-11.9 years), 3 patients in this cohort have died.
Only 1 death occurred due to progressive disease, 97 months after initial presentation. This patient's tumor progressed relentlessly, despite chemotherapeutic, surgical, and radiotherapeutic interventions over that 8-year period. One patient died of fungal infection following an endoscopic tumor biopsy (as above). The other patient died of a spontaneous fourth-ventricle hemorrhage with otherwise stable disease, 9 years after initial presentation. She presented with a sudden collapse with obstructive hydrocephalus due to this hemorrhage and did not recover following insertion of an external ventricular drain. No obvious cause for the hemorrhage was found.
Effect of NF1.
We examined the effects of NF1 status on outcome in this case series. As can be seen in Table  4 , our data agree with other series in which the tumors generally follow a more benign course in patients with NF1, with fewer tumors progressing and requiring treatment. In comparison with patients in the non-NF1 cohort, fewer patients in the NF1 cohort suffered deterioration in their vision and fewer were troubled by hypothalamic or pituitary dysfunction.
Discussion
The majority of OPHGs are low-grade, benign tumors (WHO Grade I or II). 8, 12, 17, 23, 25, 26, 35 Nevertheless, these tumors present a considerable and often life-long challenge for the neuro-oncology team. A proportion of these tumors behave in a dormant fashion and require no treatment. This is particularly noticeable in patients who have NF1, although it is not exclusively the case. 7, 14, 17, 18, 23, 29, 41 A significant number of tumors will, however, grow and require therapeutic interventions. 23, 26, 27, 29 These interventions should be carefully planned and timed with the aim of controlling the tumor itself, with the potential for treatment-related morbidity taken into account. 19 Consensus certainly exists over the range of treatment options that should be considered for these tumorswatch/wait/rescan, chemotherapy, radiotherapy, and surgery. The main emphasis in the last decade has been on chemotherapy as a first-line treatment for symptomatic or progressive tumors, particularly in younger children. 21, 26 Although it is accepted that radiotherapy can often be effective in controlling growth in these tumors, the late side effects of radiotherapy have led to a reduction in its use, particularly as most of these patients should be expected to survive into adulthood. There remains controversy over the precise role of neurosurgery, 16, 18, 19, 24, 35, [39] [40] [41] [42] 47 with many teams regarding this as an intervention of last resort with potentially unacceptable morbidity.
At a recent consensus conference, 46 although surgery was not acknowledged to be the primary treatment modality it was noted: "Multidisciplinary discussion identifies some patients with characteristics (e.g., cystic tumors, large tumors, and exophytic or hypothalamic tumors) when early surgical debulking is possible with acceptable risk. The proposed anatomical classification will be designed to assist with selection of these cases."
Its was also noted that further international trials were needed to guide treatment strategies for these tumors:
"The selection and testing of surgical and nonsurgical treatments requires an active international trials program, including patients with newly diagnosed cases and patients requiring second-and third-line or subsequent therapies."
In this paper we seek to add to the discussion about the role of neurosurgery for patients with OPHG and to discuss the indications for early versus late surgery as well as preferred routes and approaches. While recognizing the limitations of single-institution cohort studies, we hope that this paper will contribute to future collaborative studies regarding the selection of patients for surgery, the decision making, and the timing of surgical intervention.
Expectant Management-Watch/Wait/Rescan
A number of patients have tumors that do not need immediate treatment on first presentation. For these patients it is clear that an initial watch/wait/rescan policy should be adopted. These patients include 1) those with small tumors confined to the optic nerves or chiasm, with preserved visual function; and 2) those with small tumors that are not obstructing CSF flow pathways.
As previously indicated, patients with NF1 tend to have a more benign course, with fewer patients requiring treatment for tumor progression and therefore fewer secondary effects from both their tumor and the treatments required over time to control it. 
Chemotherapy
Chemotherapy forms an important part of treatment for OPHG. 21, 29, 32, 33, [38] [39] [40] The particular advantages of chemotherapy are that it can be given to younger children with relatively low rates of associated complications and low risks of longer-term late effects. 26, 29, 38 The chemotherapy regimens employed for OPHG have changed over the years, but its optimal role and the optimal agents have yet to be clarified. 21 As in this series, recent chemotherapy treatment regimens have generally been according to clinical trials, such as the SIOP LGG-2 study, which uses a combination of vincristine and carboplatin. Chemotherapy can be the only therapy that a child requires and can prevent the need for radiotherapy or surgery, which is of particular importance in children under 5 years of age. 23, 29, [38] [39] [40] It is frequently the primary treatment in patients, particularly those of young age, with visual deterioration due to this disease.
Radiotherapy
The role of radiotherapy for OPHG has been much discussed. While clearly effective, radiotherapy is, however, associated with a number of late effects, including neurocognitive impairment, second-tumor formation, and increasing reports of the occurrence of moyamoya syndrome. 2, 5, 10, 11, 36, 45 One of the patients in this series required revascularization surgery for this unusual but potentially devastating complication. Radiotherapy has been also associated with increased rates of endocrine deficit (especially growth hormone deficiency) compared with other treatment modalities.
14 If radiotherapy is given to younger patients, the neurocognitive consequences are typically more severe and can have a devastating effect on the patient's future life. 5 Most authors now recommend avoiding radiotherapy in patients under 5 years, and leaving this treatment until as late as possible. 5, 26, 39 For these reasons, the rationale behind the management of this cohort of patients has been to avoid upfront radiotherapy as a first-line treatment.
Neurosurgery
Neurosurgery for OPHG is divided into 2 broad categories: surgery for the secondary effects of the tumor or treatment, and surgery for the tumor itself.
The potential roles of tumor surgery are either for biopsy for diagnostic tissue sampling or for tumor debulking. The role of biopsy in this group has been addressed in the recent consensus conference publication, and our unit has followed this policy. 46 In general, total resection for low-grade gliomas of the central nervous system is associated with improved 5-year survival rates. 12, 13, 22, 41 However, we do not consider that gross-total resection of OPHG is a feasible concept because the involvement of the neighboring structures means that hypothalamic damage and blindness would be inevitable should this be aggressively pursued. 28, 40 Neurosurgery for Secondary Effects of the Tumor or Treatment. Neurosurgery may be required to treat hydrocephalus, to treat the vascular complications of treatment (such as moyamoya disease) and potentially to decompress the optic pathways in cases of progressive visual failure due to progressive cystic disease compressing the optic pathways. In patients with hydrocephalus, there is a clear role for surgery to insert a VP shunt. However, this is not always straightforward, as third ventricle tumors can block the foramina of Monro, requiring either bilateral VP shunt placement or endoscopic fenestration of the septum pellucidum and subsequent insertion of a unilateral VP shunt.
Neurosurgery for the Tumor Itself-Biopsy. Historically, there has not been clear consensus over the role of biopsy at the start of therapy, with controversy as to whether biopsy is necessary at all (independent of NF1 status) if the imaging appearances are typical. 16, 17, 26, 29, 39 Histopathological diagnosis can certainly allow an informed discussion of the therapeutic options and prognosis, especially with the need to distinguish between pilocytic astrocytoma and pilomyxoid astrocytoma. It is therefore not unreasonable to consider an initial biopsy if the imaging appearances are atypical and if the biopsy can be performed with a satisfactory degree of safety. The recent consensus statement has added that biopsy may be indicated at the beginning of nonsurgical treatment (chemotherapy, biological therapy, or radiotherapy) after multidisciplinary discussion, in the context of atypical radiological appearances and/or clinical trials involving biological markers even in patients with NF1. 46 Suitable methods include endoscopic biopsy, stereotactic biopsy, and open biopsy via craniotomy.
Neurosurgery for the Tumor Itself-Tumor Debulking. Neurosurgery to debulk or excise OPHG has been the subject of much debate, particularly with regard to the timing of surgery. [17] [18] [19] 22, 24, 26, 29, 30, 34, 35, [39] [40] [41] [42] 47 These tumors are rare, and it is clear that surgeons need appropriate expertise to safely plan and perform this surgery.
There are many facets to the discussions surrounding the role of debulking surgery. We consider it vital to take into account the tumor size and anatomical location in 3 planes of imaging, as well as the patient's symptoms, whenever surgical debulking of the tumor is being deliberated. The dangers of aggressive neurosurgical tumor excision have been highlighted in other series, with high rates of surgery-related complications, including hypothalamic damage and endocrine deficit. 28, 40 In this series, the neurosurgeon aimed to limit the operative risks by leaving a rim of tumor around the base, performing a predominantly central debulking of the exophytic component of the tumor. Through this approach, none of our surgical cohort of patients showed signs of hypothalamic or visual injury as a direct consequence of surgery.
Tumor growing into the third ventricle is usually an exophytic central tumor component, with the hypothalamic tissue at the base and sides. In these circumstances, the authors' preferred approach to surgery is a midline transcallosal, interforniceal approach, to enter the third ventricle and visualize this exophytic tumor component within the third ventricle. By approaching the tumor in this way, the hypothalamic tissue can be preserved around the base where it blends laterally with the hypothalamus avoiding significant hypothalamic dysfunction. A pterional approach was reserved for patients with a significant lateral exophytic component of tumor.
Many authors accept the role of neurosurgical debulking in the context of progression during or after chemotherapy, but this still varies according to surgical expertise and anticipated perioperative risk. Primary neurosurgical tumor debulking (as the main treatment option) is a strategy that is not widely used, largely due to the perceived risks of surgery. Further complicating this debate is uncertainty over whether larger-volume tumor resections improve rates of tumor control. Steinbok et al. found no improvement in control rates, but Wishoff et al. and Hoffmann et al. found that the resection rate did improve tumor control. 20, 39, 40, 47 Overall, our experience confirms that primary upfront surgery can be both safe and effective. In this series, surgery alone was successful at controlling tumor for 13 of 17 patients (as a primary treatment in 7 of 10 cases [Group 1] and for tumor progression after other treatment in 6 of 7 cases [Group 3]). Disease control was achieved in all 4 (100%) of the patients treated concurrently with surgery and chemotherapy (Group 2); this percentage is larger than what has been achieved in many other series, 2, 11, 22, 26, 29, 40 although the numbers are clearly small. Spontaneous regression of OPHG following debulking surgery without subsequent adjuvant therapy has been previously reported. 20, 28, 48, 50 There are also series reporting stabilization of tumor after substantial debulking procedures, without worsening of preoperative deficits. 26, 29 In the patients who were treated surgically in this series, we observed both tumor regression and stabilization of residual disease (Fig. 3) .
We consider that there is a definite role for primary tumor debulking for carefully selected patients. Our experience confirms that surgery can successfully control tumor growth, and also that it can be safe. We advocate an aim of limited tailored neurosurgical tumor debulking for selected patients, without aiming for total resection, so that the risk of damage to the surrounding structures is minimized. With this approach we feel we can achieve the optimal balance between tumor debulking, surgeryrelated risk, and surgery-related morbidity. 40 Surgical Approach. In addition to discussions over the role of surgery, the route employed for surgical access and resection also needs to be considered. The 2 main approaches used for patients in this series were the midline transcallosal approach and the pterional approach. The choice of approach will ultimately be dictated by the primary exophytic component of the tumor and/or cystic extensions.
The midline transcallosal approach has the potential to be safe and extremely effective, particularly where there is an exophytic tumor component largely confined to the third ventricle. As the tumor grows inside the third ventricle, it pushes the hypothalamic tissue laterally. A midline transcallosal approach allows the surgeon to remove the central aspects of the tumor, sparing the hypothalamus and preserving its function. 26 Such an approach also facilitates the reopening of the CSF pathways and can obviate the need for a VP shunt for treatment of hydrocephalus. In our institution we have found this to be a safe approach with a low morbidity rate when used for carefully selected cases.
The pterional approach is of particular value for patients whose tumors have significant lateral extension or in whom the optic nerve(s) or chiasm need to be directly decompressed by removal of compressive exophytic and cystic components. 26 In practice, the role of surgery to improve vision is unproven, unless it is being used to control critically raised intracranial pressure or clear compression of the optic nerves by a cyst.
In addition the pterional approach can allow access to de-roof the optic canal, although we have not needed to do this in any patients in this series. There are, however, potential dangers of this approach, including damage to the perforating branches of the anterior and middle cerebral arteries and damage to the hypothalamus itself. In patients with large tumors, the anatomy can be very distorted, and it can be difficult to define where the hypothalamus and/or optic tracts are expected to be. This will increase the risk of surgical morbidity, and careful consideration is required when planning the approach in such cases. The extent of resection through this approach will often be less than through the midline transcallosal route. This has been the case in our experience, where we have limited the use of the pterional approach to the control of tumor cysts or lateral debulking of exophytic temporal lobe tumor components.
Neurosurgical Advances
Over the past 20 years, there have been significant improvements in preoperative imaging quality. As a result, the neurosurgeon can have a better understanding of the tumor location and anatomical relations, and thus have an improved appreciation of the potential benefits and risks of different surgical approaches. As high-field advanced MRI scanners become increasingly commonplace, advanced imaging and tractography should add valuable information to the preoperative planning data available. 37 In particular, identifying the location of the optic pathways inside large tumors would be extremely valuable when planning a surgical approach.
Intraoperative neuronavigation has been a vitally important development. 34 Different systems are available for use, and they are becoming increasingly technologically advanced in what they can offer the neurosurgeon. Regular use of this tool can also help improve the safety and accuracy of surgery. There are limitations to intraoperative neuronavigation, however. The navigation scans are obtained preoperatively and cannot be readily updated during surgery. Therefore, over the course of an operation, the accuracy of navigation can deteriorate due to tumor volume resection, brain shift, and CSF loss.
The newest developments are coming with the advent of intraoperative MRI. 1, 3, 49 This new tool, used in our institution since 2010, may facilitate safer tumor removal and help to reduce the need for second-look operations for unexpected tumor residuum-achieving the goals of surgery more safely. This, of course, needs to be evaluated in a prospective study, which has been commenced in our institution and will be reported on in the future.
Outcome
Vision. The assessment of visual function, particularly in younger children can be particularly challenging. A further challenge that we encountered was that the retrospective analysis of visual outcomes is difficult, with results not always clear (or even being missing) in the patient notes. At presentation, children should be seen by a pediatric ophthalmologist and have a thorough examination including assessment of visual acuity, visual fields, color vision, and the fundus. Due to the tumor location, many children present with visual problems or develop visual deficits during treatment, so it is important that they are reassessed on a regular basis. 4, 43 In younger children in particular, there can be quite marked deficits in visual function by the time the diagnosis of OPHG is made-their outward function can often appear intact due to a high level of compensation for visual deficit. 43 Poor visual function at presentation usually cannot be reversed and is a predictor of poor outcome-the final visual outcome appears to be most related to the patient's visual performance at the time of initial presentation. 4, 42, 43 The tailored approach to tumor management used for these patients has resulted in satisfactory rates of visual preservation. 4, 24, 43 In general terms, neurosurgical treatment of the tumor itself is rarely employed for children whose vision is actively deteriorating, often because of the complex anatomy and relation to the tumor. In some specific circumstances, neurosurgical operations can be of use-for example where there is direct compression of the optic apparatus by tumor (solid or cystic) or where there is raised intracranial pressure (for example, in patients with giant tumors requiring debulking or hydrocephalus requiring a shunt). 44 Radiotherapy has been shown to both preserve and improve vision for some patients; 4, 5, 11 however, its longterm effects have made treating teams reluctant to employ it now that chemotherapy and surgery have also been shown to be effective. 4, 5, 26, 29 Endocrine. Endocrine problems either at presentation or developing during treatment are a significant problem for children with OPHG, with a wide variety reported in the literature. 21 Close collaboration with an endocrine team from the time of first presentation, continuing throughout the treatment period, is clearly important. The rates of new or progressive endocrine deficit over the course of treatment are up to 64%. 5, 9, 11, 14, 26 It is clear that endocrine function is impaired initially by the tumor itself but is further impaired by the variety of treatment regimens employed to control the tumor. In this series, a mixture of precocious puberty and pituitary hormone deficiencies were evident at first presentation, before any treatment had been undertaken.
Over the treatment period, the number of patients with endocrinopathy increased. Changes in BMI standard scores during the period of observation were also highly variable. Some patients, obese at presentation, significantly improved their BMI to within the normal or overweight range at the most recent assessment. A smaller number of patients gained weight. The regulation of BMI in this heterogeneous cohort of patients is complex, and precise conclusions as to why weight was gained or lost cannot be drawn. We could not find any evidence of neurosurgery-related hypothalamic deficit other than diabetes insipidus in our series.
Differentiating between endocrinopathy due to tumor progression versus complications of treatment is difficult if not impossible-it is clear that significant endocrinopathy would develop in patients even if they were not treated. 9, 14, 21, 42 There are some suggestions that treatment-associated endocrinopathy is more significant with radiotherapy than chemotherapy or surgery, although not all authors agree. 9, 21 For this cohort of patients, we plan to undertake a comprehensive cross-sectional neuropsychological and functional outcome study in the future.
These observations highlight the importance of close collaboration between health care professionals to optimize patient outcomes through the active management of abnormalities of weight gain, growth, and puberty.
Conclusions
This study presents a mixed series of cases involving patients with Dodge type B and C tumors, (modified Dodge types 2, 3, and 4), with almost half requiring observation only. As expected, patients with NF1 were found to have a more benign form of disease, with fewer patients in the NF1 cohort requiring treatment and lower levels of morbidity developing during the time-course of their treatment, as compared with the non-NF1 cohort.
Primary surgical debulking alone (without adjuvant therapy) can be effective at controlling tumor growth and preserving function, without significant levels of postoperative morbidity. For young, high-risk patients, combining primary surgical debulking with concurrent chemotherapy has also been successful. With careful preoperative planning and goal setting, neurosurgery via a midline transcallosal approach can safely debulk the exophytic central component of third ventricle tumors while preserving hypothalamic and visual function. Surgery can also safely decompress the visual pathways with good success. Intraoperative MRI may help further improve both the volume and the safety of resection, but evaluation is still needed.
Optic pathway/hypothalamic glioma represents a long-term disease, with a prolonged patient journey. We observed that some patients had more aggressive patterns of tumor growth that required multiple interventions to achieve control, raising the question of whether the biological/genetic behavior of this subset of tumors is different from their histologically similar counterparts. Through the adoption of a multidisciplinary tailored approach to management for each case in this series, we were able to achieve good rates of tumor control, and minimize the requirements for subsequent radiotherapy. The best way to care for patients with OPHG is through a cooperative approach involving a skilled and appropriately trained neurosurgeon and oncologist, together with the other members of the neuro-oncology multidisciplinary team.
